Background: Avian influenza (AI) is an important zoonotic disease responsible for significant losses in most sub-Saharan countries. However, the role of poultry other than chicken in the epidemiology of the disease, especially after the first AI outbreak in Ghana, has not been fully elucidated. The objective of this study is to determine whether the AI virus infection that was reported in the area in May 2007 was circulating silently in ducks in nine randomly selected farms in the Sunyani Municipality, Ghana.
Introduction
Avian Influenza (AI) is an infectious disease of birds caused by influenza A viruses. Migratory waterfowls -most notably wild ducks -are the natural reservoirs of all influenza A viruses (Hinshaw and Webster, 1982; Webster et al., 1992; Stallknecht and Brown 2007) . There are 16 main subtypes of influenza A viruses, of which strains within the H5 and H7 subtypes cause Highly Pathogenic Avian Influenza (HPAI), which is highly contagious and rapidly fatal resulting in nearly 100% mortality in infected domestic flocks (Center for Infectious Diseases Research and Policy, 2007) .
Recently, avian influenza has acquired world-wide attention because the H5N1 virus had traversed interclass barriers (Perkins and Swayne, 2003) and had been transmitted from birds to mammals (cats, swine, and humans). Substantial number of documented cases in humans are associated with severe disease and several fatalities (Klempner and Shapiro, 2004; Webster, 2006) . There are several further lines of evidence suggesting that the H5N1 virus has acquired increased pathogenic potency for several mammalian species. Chickens and turkeys are particularly susceptible to epidemics; direct or indirect contact of domestic flocks with wild waterfowl has been implicated as a frequent cause (Easterday, et al 1997; Stalknecht and Brown, 2007) . Birds that survive infection often excrete virus for up to 10 days, orally and in faeces, thus facilitating further spread (Olsen et al., 2005; Swayne and Beck, 2005) . Suspicions that birds may be carrying highly pathogenic virus along their migratory routes were underscored following the detection of outbreaks in wild and domestic birds in the Russian Federation and adjacent parts of Kazakhstan, so also Turkey, Romania, and Croatia (OIE, 2005, WHO, Global Alert and Response).
Most avian influenza viruses affecting humans have caused mild respiratory symptoms or conjunctivitis, with one important exception: the H5N1 strain. The H5N1 strain has caused severe disease throughout the world with high fatality rates starting from 1997, till date. Studies comparing virus samples overtime show that H5N1 has become progressively more pathogenic for mammals, and is now hardier than in the past, surviving several days longer in the environment (Olsen et species not previously considered susceptible to disease caused by any influenza A virus. Several mutations in the virus have been detected during 2005, but the significance of these mutations in terms of virulence and transmissibility in humans is not fully understood.
In April 2007, despite a ban on importation of poultry and poultry products from HPAI H5N1 affected countries (mostly Southeast Asian countries) and several biosecurity measures enforced by the Government of Ghana, the first outbreak of H5N1 was reported in Ghana by VSD at a small -scale poultry farm at Kakasunanka, near Michel Camp in the Tema Metropolis (April 24, 2007). Subsequently, outbreaks of AI were reported in Sunyani in the Brong Ahafo region (May 15, 2007) and Aflao in the Volta region in the same year (June 13, 2007). To date, the possible reasons for the emergence and spread of the disease in the country have not been determined.
The disease is associated with enormous economic loss and the cost of veterinary interventions and public education on prevention and control of the disease was estimated at 2 million US dollars of which came from donor partners including USAID and FAO (VSD Annual Report, 2009).
Unlike chickens, some domestic ducks are known to be resistant to the viruses and can be asymptomatic carriers of the viruses, thus acting as a "silent reservoir" that perpetuates transmission (Swayne and Beck, 2005 
Method Study Area
The study was conducted in the Sunyani Municipality, one of the twenty-two districts of the region which is the capital of the Brong Ahajo region. 
Study Design
A descriptive cross-sectional study using active surveillance approach was carried out as indicated in the scheme below. It entailed simultaneous collection of cloacal swabs and feather tissues from three hundred and eighty-four domestic ducks, and the administration of a structured questionnaire to 17 ducks owners/workers on issues of husbandry practices and bio-security at their farms or premises (households). The study was carried out from July 2009 to August 2010.
Data Collection Technique
Data was collected with structured questionnaires (Appendix II). The questionnaire was developed and pre-tested in Berekum, an adjacent district before it was administered to 17 persons who were either owners or workers of the ducks sampled as well as live birds vendors at the Sunyani live birds market whose birds were sampled. Questionnaire administration was done simultaneously with sample collection.
Sample Size Determination
The sample size was calculated by the Epi info version 3.4.1 at 95% confidence level, absolute precision of 5% and assuming 0.5 prevalence of Avian Influenza among domestic ducks in Sunyani: 
Sampling Method
Thirteen (13) epidemiological units (epi units) or communities in the Sunyani Municipality were identified for the study. Simple random sampling method was used to select a community at a time for ducks to be identified in households and farms within that community for sample collection. This procedure was repeated till the desired sample size for the study was attained from nine (9) sites in six communities.
Ethical Considerations and Consent
Approval for the study was duly obtained from the Scientific Technical Committee of Noguchi Memorial Institute for Medical Research (NMIMR). A written informed consent was obtained from the Brong Ahafo Regional Veterinary Officer, Commercial and Backyard ducks owners, and vendors at the Live Birds Market in the selected communities to carry out the study.
Sample Collection and Processing
384 Cloacal swabs and 142 feather tissues (calamuses) were obtained from backyard ducks, a commercial farm and a live birds market. All field samples collected were pooled separately by type (cloacal swabs separate from feather tissues). Two cloacal swabs from two (2) different birds from the same site were placed into a 2.0 ml tube while ten (10) feather calamuses with similar characteristics were pooled into a 25 ml vacutainer tube with both tubes containing 2 ml and 5 ml of viral transport medium (VTM) which contained 2.5% Veal Infusion Broth (SIGMA), 0.5% Bovine Serum Albumin (SIGMA), 100 µg/ml Gentamycin sulphate (SIGMA) and 2 µg/ml Fungizone (Amphotericin B) solution. The vacutainer tubes containing these samples were properly labelled with information that described a unique identification number and dates of collection. They were placed on ice in "cold boxes" from the field and transported to the Sunyani Veterinary office where they were stored at -70 ºC. RNA extraction and RRT-PCR was carried out in the Virology Department of NMIMR in Accra.
Preparation for RNA Extraction
The 526 samples (384 cloacal swabs and 142 feather tissues) collected from the field were pooled into 43 eppendoff tubes according to the farm/household where samples were obtained from. Thirty one (31) of these pooled samples were cloacal swabs and 12 were feather specimens. Pooling of the samples was done to ensure optimization of the use of reagents.
RNA Extraction
Single stranded viral RNA was extracted using the QIAamp 
Real-Time Reverse Transcription-PCR PLATE SETUP
The RT-PCR plate setup for both protocols; Spackman et al, 2002 and CDC protocol (WHO, 2009 ) was the same and as follows: the Negative and Positive Controls were distantly placed (A1 and H12 wells of the plates respectively) to avoid contamination. The field samples were placed systematically from the A4 well to C9 well of the PCR plate.
Spackman etal Protocol
The Qiagen one-step RT-PCR kit was used with a 20µl reaction mixture under the following conditions: 0.8 µl of kit supplied enzyme mixture (including RT and hot-start Taq 
Confirmation of Results Using Real-Time Reverse Transcription-PCR, CDC Protocol (WHO, 2009)
The negative results obtained using the Spackman protocol were confirmed as described by the Centres for Disease Control and Prevention, Atlanta USA in their protocol CDC Real-time RTPCR (rRT-PCR) Protocol (Table 1) 
Data Analysis/Processing
Both quantitative and qualitative data obtained from the questionnaires and data from the RRT-PCR testing was double entered into Epidata Software (2007 version) and coded accordingly. This was then exported to SPSS Software version 17.0 for analysis. Data was analyzed into percentages and tables based on adherence or non-adherence of each farm premises to the 19 independent variables or biosecurity practices (Tables 11a-11c ) investigated in this study. Test of association (chi-square) was also performed on certain variables (age and sex) to determine the significance.
Results

Descriptive Characteristics of Birds Sampled
Apart from being raised for meat and eggs, some ducks in the area were also kept as pets or for ornamental value. It was observed that the ducks in the area were mostly hybrids from the Anas platyrhynchos domesticus family, particularly the Mallards. Eighty four percent (323/384) of the ducks sampled were hybrids; the remaining 16% (61/384) were made up of thorough Mallard breeds (Aylesbury, peking and pennine).
Out of the 526 samples collected (Table 6 ), 58.6% (308/526) were from backyard holdings, 34% (179/526) from a commercial farm and 7.4% (39/526) from a live birds market (LBM).
Seventy six percent (292/384) of the ducks were females (ducks) and 24% (92/384) were males (drakes) ( Table 7) . Adult ducks (> 1 year old) represented 79.9% (307/384) of the sampled population while growers or ducklings (< 1 year old) formed only 20.1% (77/384) of the same population (Table 8 ). The number of ducks of age greater than 1 year compared to those less than 1 year was found to be statistically significant at p<0.0001. The same was for male and female ducks sampled (Tables 9 and 10 ).
The male to female ratio in breeding pens was found to be 5-8 females (ducks) to a male (drake). Table shows the number of adult ducks (age > 1 year) and that of ducklings (age < 1 year) in each of the nine sites studied. The calculated Pearson Chi-square was 54.501 with a p < 0.0001. This was found to be statistically significant at 99.9% CL in all nine cases.
Sources of Parent Stock
Sources of ducks in all the sites were identified. The commercial farm acquired parent stock from a farm in Dormaa Ahenkro in 2005 (Anonymous). Our findings also indicated that 71.4% (5/7) of the backyard holdings acquired their birds from live birds markets near and far. We also found that various species of birds in the live birds market investigated came from sources within and outside the municipality. Birds were purchased by customers for different purposes such as consumption (household, and restaurant), offering in ceremonies/gifts and religious festivals, and for replacement stock for farmers.
The study further showed that transportation and management of birds by market vendors involved poor biosecurity practices. Collectors (intermediary men) and vendors did not separate birds according to species and sources of birds. Also, birds were mixed in cages during transportation and at the market place.
Molecular Investigation for Avian Influenza
Two different RT-PCR protocols (Spackman et al., 2002 and the CDC Real Time PCR protocol) were applied on 526 ducks samples (384 cloacal swabs and 142 feather tissues) to determine the presence of AI virus in ducks. All the samples were negative for AI virus (Table 9, Fig 2, 3) . This included ducks sampled from the only duck farm in the Sunyani Municipality which was affected by the (Table 8 ). 
Discussion
This study was conducted to increase the body of knowledge on the role of waterfowls (domestic ducks) as potential reservoirs of AI viruses and also to ascertain the profile of AI in domesticated ducks in the Sunyani Municipality area after the H5N1 outbreaks in May 2007. Avian influenza virus was isolated from outbreaks in parts of the Municipality particularly the New Dormaa area during this
